Microlensing surveys have proven to be tremendously fruitful in providing valuable data products for many fields of astrophysics, from eclipse lightcurves for substellar candidates to limb darkening in stellar atmospheres. We report on a program of modeling observables from microlensing of circumstellar envelopes, particularly those of red giant stars that are the most likely to show finite source effects. We will summarize work for how polarization light curves can be used to infer envelope properties and will describe recent modeling of the time dependent spectral energy distributions (SEDs) for microlensing of dusty winds. One of the most exciting developments is the possibility of measuring variable polarization from microlensing in a suitable source using the RINGO polarimeter at La Palma. Also quite interesting is the possibility of probing a dusty wind using IRAC data for a suitable source in the event that Spitzer has a "warm" cycle.
Introduction
Galactic microlensing has produced a number of results for stellar atmospheres as an important offshoot of the original intent to understand dark matter in the Galactic halo. Among these have been applications to stellar atmospheres (e.g., Gould 2001) such as limb darkening (e.g., Albrow et al. 1999 The possibility for what amounts to mapping stellar atmospheres using microlensing arises when the lens and background source have a transit or near transit event. The more spectacular events, and consequently the ones most suitable for recovering the intensity profile of the source atmosphere, occur for binary lenses when the source has a caustic crossing.
Researchers have been pushing the envelope of possibilities for studying stellar atmospheres through considerations of more complex effects that might be detectable. These include stellar rotation (Gould 1997 Hendry et al. 2002) , stellar pulsation (Bryce 2001) , and differential stellar rotation (Hendry & Ignace, in prep) . In contrast, our group has focused largely on the prospects of constraining the structure of circumstellar envelopes through microlensing events.
There are several motivations for considering the influence of circumstellar emissions in the spectra and photometry from source transit events. First, the most likely targets to show finite source effects are red giant stars, and red giants have significant winds. Their mass-loss ratesṀ have values of around 10 −10 to 10 −8 M ⊙ /yr, all the way to 10 −5 M ⊙ /yr for rare asymptotic giant branch (AGB) stars (Dupree 1986 , Willson 2000 . Second, the opportunity to infer the intensity profile of these sources through microlensing translates to mapping the wind flow structure. The red giants are interesting because the driving of their winds is still not well-understood. Certainly the AGB winds are dust-driven (Netzer & Elitzur 1993) . The lowerṀ winds of red giants may be driven by some combination of molecular opacity and dust (Jorgensen & Johnson 1992) . Finally, an extended envelope simply means a larger source thus making a transit more likely, which may lead to additional constraints on the nature of the lens.
What kinds of questions about the atmospheres and winds of red giants could be addressed through microlensing? Although dust is known to play a role (even a dominant role in the case of AGBs) in the wind driving, dust condensation temperatures are typically below 2000 K, whereas the red giant atmospheres are around 3000 K or more. This means dust formation occurs in the wind; however, the dust formation radius is not well-constrained observationally. Additionally, there is a well-known division in the Hertzsprung-Russell Diagram (HRD) known as the "LinskyHaisch dividing line" among giant stars between those that show X-ray emissions and those that do not (Linsky & Haisch 1979) ; the cause for this division is still being considered (Suzuki 2007) . Both the ionized chromospheres of red giants and the stellar winds with molecular or dust opacity offer scattering opacity sources that lead to polarization, hence our group has been exploring variable polarization signals that can arise from microlensing transit events. This contribution reviews the main results from the polarization calculations and prospects for detections and presents new results for the influence of microlensing on the spectral energy distributions (SEDs) of dusty wind sources. Our team has also studied emission line shape variations for lines that form in circumstellar envelopes ( may be realized in appropriate lines for red giant winds or in supernovae; however, space does not permit a discussion of these models here.
Variable Polarization from Microlensing
For an unresolved but spherically symmetric source with scattering opacity, the total polarization will sum to zero. Although there is a non-zero polarized intensity along any given ray through the source medium, the polarizations from all the rays combine vectorially (e.g., using the Stokes notation I, Q,U,V ) such that the integration of contributions from all rays must sum to zero. A net polarization can only result from some asymmetry in the system, possibly a non-spherical envelope (Brown & McLean 1977) or asymmetric illumination of scattering opacity (Al- Malki et al. 1999 ). Yet even in spherical symmetry, microlensing leads to a net polarization because it introduces an asymmetry into the system by virtue of selective magnification.
Schneider & Wagoner (1987) initiated ideas about variable polarization during microlensing events in their study of pseudo-photospheres of SNe. As galactic microlensing began to produce detections, and especially finite source events, Simmons et al. (1995ab) and Agol (1996) A key motivation for considering circumstellar envelopes is the possibility of determining the dust condensation radius. To explore such effects, Simmons et al. (2002) and Ignace et al. (2006) modeled the envelope as having an inner radius (R h ) for a "hole" of scattering opacity. Certainly gas exists between the photosphere at R * and R h , only that zone was assumed not to contribute to scattered light. Those models further assumed optically thin dipole scattering for simplicity. Example results for caustic crossing events are shown in Figure 1 . The upper panel shows the normalized Stokes-I flux as the source moves from inside a straight line fold caustic to the outside. The lower panel shows the polarized emission. Note that the geometry arrangement ensures that Stokes-U is zero. The change in sign of Q indicates a position angle flip between parallel (+) and perpendicular (−) orientations to the caustic line. Different curves are for different "hole radii" as labeled. It is clear that for binary lensing, quite large polarizations could result; however, this will depend on the envelope optical depth. In addition, the models in figure 1 ignore the potential for any polarization contribution from the photosphere or chromosphere, or molecular Rayleigh scattering that might exist in the "hole" region. All of these effects need to be explored more carefully using realistic stellar atmospheres.
It is worth noting that a general feature of polarization from microlensing is a measurement of the polarization position angle in the sky. This position angle provides information about the vector relative proper motion between the source and lens, information that in principle could prove useful in helping to constrain the lens location and its population.
It should also be pointed out that there is a claim for the detection of variable polarization from microlensing for a quasar (Chae et al. 2001) . At the time of this writing, there has been no attempt to measure the effect in galactic microlensing; however, Iain Steele of the University of LiverpoolJohn Moores has agreed to provide discretionary time using the polarimeter RINGO (Steele et al. 2006 ) to measure broad band polarization in a suitable microlensing event.
Variable SEDs from Dusty Envelopes
Although dust may be present in the lower mass loss winds of typical red giants, it plays a dominant role in the wind driving for the high mass-loss rate AGB stars withṀ ≈ 10 −7 M ⊙ /yr or more. The presence of dust can alter or dominate the SEDs of red giants and AGB stars. A Monte Carlo radiative transfer algorithm has been used to model the SEDs of dusty winds during microlensing. The models assume spherical symmetry and a density profile ρ ∝ r −2 . Radiative equilibrium is enforced following Bjorkman & Wood (2001) . As a result, a self-consistent temperature profile can be found for the dust. For the wind, the free parameters include the envelope optical depth τ V (at 5500 Å) and the dust condensation radius R h . In principle, different grain species could also be considered; however, a standard interstellar dust opacity was adopted (Kim et al. 1994 ). The remaining free parameter is then the Einstein radius in the source planer E relative to R h . Figure 2 illustrates the effect that dust can have on the stellar SED. There is no lensing in this example. The underlying stellar atmosphere is a Kurucz model at T eff = 3500 K (1992) shown for the case of τ V = 0. Also shown is a substantially dust-enshrouded star at τ V = 10, displaying a radically different SED. The prominent IR bump near 10 µm is dust silicate emission.
Key to understanding chromatic effects from microlensing transits is that the "effective" source size is a function of wavelength, R λ . It is this effect that has allowed for the derivation of limb darkening from photometry and the probing of red giant chromospheres in Hα. For a wind the density is generally power-law like, and the opacity is roughly power-law except in certain wavelength intervals. The combination can lead to a quite substantial range in R λ values as a function of wavelength. Figure 3 displays one suite of model results for microlensing of dusty envelopes. This loglinear plot shows spectra in wavelength. The panels are for envelopes of different dust optical depths as labeled (again evaluated at 5500 Å). The unlensed spectrum is normalized to have unit area. Each curve is the lensed spectrum of the source at a different lens position (not labeled), from a distance of 30R h /R * down to 0.1R h /R * , the latter corresponding to the mostly strongly magnified spectrum in each panel. The lens position is not evenly spaced but staggered to approximate the rate of change in magnification. Also note that the vertical scale is not the same for all three panels.
As expected, significant dust content leads to a redistribution of the intrinsic stellar flux to the infrared (top panel). The density of spectral curves denotes the relative change in brightness as the event progresses. In other words one could take cuts at various wavelengths to obtain monochromatic lightcurves, and each one would tend to have a different maximum amplitude (relative to the unlensed case) and time width. For example in the top panel, the spectra shown for the IR "bump" near 10 microns are somewhat closely spaced. Here R λ is relatively large compared to R * . A lightcurve at this wavelength will be broad in time and have a relatively depressed peak amplitude because R λ ≫r E (e.g., Agol 2003) . In contrst, the spacing is more separated at NIR wavelengths. Here the source is more compact, and so variations between spectra vary more rapidly as the lens transits the source. In a light curve, the relative amplitude would be larger and the width more narrow in time. Another way of displaying the results, and one more convenient for observers, is a color excess lightcurve. An example is displayed in Figure 4 . Here model spectra were integrated for an R-band filter and for the Spitzer/IRAC filters at different lens positions x lens /R h . The excess E(R−IRACn), for n = 1 − 4, is relative to the unlensed value. The R-band samples the lightcurve for a relatively compact source at around 0.6 microns; the IRAC n = 1 to 4 bandpasses sample different source sizes at 3.6, 4.5, 5.8, and 8.0 µm, respectively. As a result, the colors vary with differing amplitudes and widths as a function of lens location relative to the star (which of course can always be transformed to a lightcurve in time). E(R−IRACn) becomes positive ("redder") at early times because the source is relatively larger at longer wavelengths; then peaking occurs in the R-band as the lens nears the star because the source at that wavelength is spatially more compact. This information can be used to reconstruct the extent of the source size as a function of wavelength to test models of the density with radius in dusty winds. These effects will be stronger for winds of larger τ V and should be measurable with Spitzer if there is a "warm" cycle.
The question arises, what is a suitable source? The result shown in Figure 4 is for the case τ V = 1, a substantial dust optical depth at an optical wavelength. One can relate a model optical depth to a stellar parameters. The optical depth is an integration through the wind along a radius. For v ∞ the wind terminal speed of the wind, σ = ρ dust /ρ wind the dust to gas ratio by mass, and κ V the dust opacity at 5500 Å, the optical depth is where g(w) allows for a wind velocity law (e.g., if v/v ∞ = 1 − R h /r, then g = 2). For the ISM, σ ≈ 1% and κ V ≈ 200 cm 2 /g. All other factors being nominal and of order a few, this means that the wind mass-loss rate must be around 10 −7 M ⊙ /yr for τ V to much exceed unity. That level of mass loss is not achieved in red giants but only in AGB stars. Although rare, a couple of AGB stars have been observed as sources in microlensing events (Gaudi, priv. comm.); consequently, there is the possibility that chromatic effects arising from dust opacity in evolved cool star winds could be observable. Our early results only considered the point lens case. We can expect even more significant chromatic variations from caustic crossing events with binary lenses.
